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Abstract— In order to increase the efficiency and the 

specific power of gas turbine engines, the turbine inlet 

temperature study is very important. The current rotor inlet 

temperature level in advanced Gas turbine is far above the 

melting point of the blade material. Therefore along with 

high temperature material development a sophisticated 

cooling scheme must be developed. Nevertheless, material 

progresses are not sufficiently important to guarantee an 

economically acceptable life span of the components, in 

contact with the hot gases. So recently research is focused 

on turbine blade cooling. The blades are cooled in different 

ways such as using cooling holes, ribs, grooves, dimples, 

and many more. Dimples are the depression created on a 

surface which generate extra strong vortex flows near the 

wall beneath the main flow region downstream the dimples, 

which distinctively increases the turbulent mixing there and 

enhance the heat transfer rates. In the present study, the 

effects on heat transfer due to dimples are studied by 

creating five dimples in a rectangular channel. The work is 

carried out for different dimple depths (δ/D=0.23 to 0.26) 

and at different Reynolds number varying from 7500 to 

27500. The computational study is carried out using 

NUMECA FINE/Open commercial code using k-ε 

(Extended wall function) turbulence model. Results show 

that at higher Reynolds number the Nusselt number 

increases as the dimple depth is increased and at lower 

Reynolds number (i.e. lesser than 22500) the Nusselt 

number varies non-uniformly. The dimple depth to diameter 

ratio δ/D =0.25 gives the best results as the Nusselt number 

is high at all Reynolds numbers compared to other dimple 

depths. 
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I. INTRODUCTION 

According to Carnot cycle, increasing the inlet temperature 

of gas turbine is an effective way to increase the efficiency 

of a turbine. In order to enhance the performance of jet 

engine and gas turbine, the temperature of the gas flowing 

into a turbine blade passage has been raised continually in 

recent years, which will cause the damage of blades, 

especially the leading edge which is exposed to the hot gas 

directly. The introduction of artificial surface roughness in 

the form of ribs, pin-fins or dimples for heat transfer 

enhancement is found in numerous engineering applications, 

e.g., gas turbines and heat exchangers. Such turbulence 

promoters disturb the flow and thus enhance convective heat 

transfer. Dimples generate extra strong vortex flows (Fig 

1.6) close to the wall after the main flow region downstream 

of the dimples, which characteristically increases the 

turbulent mixing there and augment the heat transfer rates. 

They also lower the pressure loss penalty as they do not 

extend beyond into the flow unlike ribs or pin-fins. Flow 

visualizations have shown that vortical fluid and vortical 

pairs shed from the dimples. This occurs as vortices and 

vortical fluid act to pump fluid to and away from the 

surface, which helps to augment transport of different sized 

packets of fluid (with different temperatures) to and away 

from the surface.  

 The present work is on Convection cooling in 

turbine blades and ducts. Hot surfaces can be cooled (by 

convection cooling) in different ways using pin-fins, 

grooves and dimples. Using pin-fins, it causes pressure and 

frictional losses. On the other hand use of dimples reduces 

pressure and frictional losses. Also creating dimples on a 

surface is easier than using pin-fins. Hence, in the present 

work heat transfer effects of dimples are investigated. In the 

present study, by varying the dimple depth(δ) for four 

different cases as 7.36, 7.68, 8.00 and 8.32mm, so that the 

dimple depth to diameter ratio(δ/D) is varied as 0.23, 0.24, 

0.25 and 0.26, the effect of heat transfer is analyzed for 

Reynolds number ranging from 7500 to 27500 using CFD. 

II. COMPUTATIONAL MODEL 

A. Geometrical Modeling 

The geometric modelling is carried out in CATIA V5 

software. The model is as shown in Fig.1. The total length 

of rectangular channel is 500mm which consists of 3 parts. 

The middle dimpled part is 250mm long. In order to afford a 

fully-developed flow situation & to reduce down 

stream7disturbance effects, two extended channels of 

150mm & 100mm long, are attached upstream and 

downstream of the middle working section respectively, 

which acts as main computation & analysis domain. Each 

channel segment has a height and width of 50mm, and 

therefore, the corresponding hydraulic diameter is 50mm. 

The middle part and the upstream and downstream parts are 

modelled as different domain and introduced to grid 

generating software (HEXPRESS). 

Geometrical Data 

Dimples number  5 

Print diameter (D) [mm] 32 

Pitchdimples [mm] 50 

Channel Length upstream [mm] 150 

Channel Length downstream [mm] 100 

Channel Length middle [mm] 250 

Channel Height & Width [mm] 50 

Table 1 Geometrical data 

 
Fig. 1: Geometric model for flow 
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B. Grid Generation 

Grid is created using HEXPRESS software which creates an 

unstructured grid. To check that the solution is grid 

independent, numerical solutions are undertaken by utilizing 

grid systems with 582391 cells, 882391 and 1479928 cells, 

for the case with dimple depth of 8mm at a Reynolds 

number 12500. The plot of static temperature distribution 

along the dimpled plate section is as shown in Fig 2.   

 
Fig. 2: Static temperature distribution plot 

The plot shows that the results for the two grid 

systems with 8 lakh and 14 lakh cells are matching closely, 

therefore further refining of the grid is not required and 

hence in order to obtain results with acceptable levels of 

accuracy and computational efficiency and minimum 

computational economy the second grid system i.e. 882391 

cells grid is used. The mesh quality is maintained with 

minimum angle of 29.7degrees & maximum expansion ratio 

of 7.59. 

C. Boundary Conditions 

The fluid in this study is incompressible, dry air with 

constant thermal-physical properties. The use of constant 

thermal-physical properties is justified by temperature 

variations throughout the flow, which are generally small 

enough that changes of absolute viscosity, thermal 

conductivity, specific heat, and density at different flow 

locations are relatively negligible. At outlet, Static pressure 

imposed condition is used and atmospheric pressure of 

101325Pa pressure is applied. The inlet and outlet section 

are adiabatic. A constant surface heat flux of 1000W/m2 is 

applied on the middle channel section including dimple 

surfaces. Uniform temperature of 300K is utilized at the 

channel inlet. The inlet turbulence intensity level is 5%. The 

numerical study is carried out using the k-epsilon (extended 

wall function) model. 

III. RESULTS & DISCUSSIONS 

A. Validation Case Study 

A flat surfaced rectangular channel is modelled using 

CATIA V5 software as shown in Fig.3. 

The geometry is same as the dimpled surface 

model with total length of 500mm and with channel height 

and width of 50mm. The model is then imported to the 

meshing software HEXPRESS. Accuracy of CFD solutions 

is strongly dependent upon the grid system, which must be 

constructed to minimize grid-induced errors and to resolve 

the relevant flow physics. While generating the grid, it is 

ensured that the aspect ratio, expansion ratio and 

orthogonality are in the required range.  

 
Fig 3 Geometric model for validation case study 

The flow solver used is FINE/Open. Boundary 

conditions are employed so as to bring the computational 

domain in accordance with the real time conditions. The 

boundary conditions applied are, for Reynolds number of 

22500, Inlet velocity will be 6.8085m/s, with mass flow rate 

of 0.0204kg/s, Turbulent kinetic energy 0.1147m
2
/s

2
 and 

dissipation rate of 1.5624m
2
/s

3
. 

The post-processing is done in CFView software. 

The static tempearture is plotted along the flow direction in 

the channel and these values are imported into MS Excel 

and the Nu number is calculated. This value is compared 

with the numerically calculated Nu number using Dittus-

Boelter equation which is as follows: 

Nu0 = 0.023 (Re
0.8

) (Pr
0.4

) 

where, Nu0 is Nu number on a flat circular channel. 

Re is Reynolds number, Pr is Prandtl number. 

CFD calculated Nu 

number 

Nu number obtained using Dittus-

Boelter equation 

66.71 60.74 

Table 2 Nu number comparison 

Table 2 compares the Nu number calculated using 

CFD and Dittus-Boelter equation. From the comparison it 

can be observed that there is an error of 8.9%. But according 

to B.Sunden[17] a channel with rectangular cross-section 

shows an error in the range of 9-11% when compared with 

Dittus-Boelter equation which is used for circular cross-

section. As there is almost near agreement in the results 

obtained by theoretical calculation and by using CFD, the 

results obtained from CFD can be accepted. 

Another study with dimpled surface (with dimple 

depth of 8mm) is done and is being with the work carried 

out by Gangnon Xie, et al[16]. The Nusselt number ratios 

(Nu/Nu0) against Re number is plotted as shown in Fig 4. It 

shows that the CFD results are matching with the published 

results and hence the CFD codes are validated. 

 
Fig. 4: Nu/Nu0 v/s Re number plot 

B. Present Study Results 

The study presented in this chapter is mainly towards 

understanding the heat transfer effects on a dimpled surface 

with different dimple depths at different Reynolds numbers 
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using CFD. The heat transfer effect is measured using the 

parameter Nusselt number(Nu).  

The results can also be analyzed by observing the 

contours of the various parameters such as vorticity, 

temperature, pressure, etc., along the direction of flow of 

fluid. The streamlines on the streamwise normal plane along 

the dimple centreline at Re=22500 is shown in Fig 5. 

  
δ/D= 0.23 δ/D= 0.24 

  
δ/D= 0.25 δ/D= 0.26 

Fig. 5: Streamlines on the streamwise normal plane along 

the dimple centreline of the third dimple 

The recirculation flows can be observed from the 

above Fig.5. Due to this recirculation, turbulence is created 

and mixing of hot and cold fluid takes place which 

augments heat transfer. It can also be observed that 

recirculation flows become stronger and larger as the dimple 

depth is increased. Somewhat strong flow ejection can be 

observed in deeper dimples. 

 
δ/D= 0.23 δ/D= 0.24 

 
δ/D= 0.25          δ/D= 0.26 

 
Fig. 6: Turbulent Kinetic Energy contours on the streamwise 

normal planes along the dimple centreline of the third 

dimple. For Re=22500 

Fig. 6 shows the Turbulent Kinetic Energy 

contours on the streamwise normal planes along the dimple 

centreline of the third dimple. The direction of flow is from 

left to right hand side. It is evident that due to vortex flow 

shedding from the dimples, near wall turbulent mixing 

intensity is increased. Stronger TKE is observed where the 

flow ejection from the dimples is strong (i.e. downstream of 

dimples) and also high turbulence occurs at higher Reynolds 

number. From the results we can also conclude that, as the 

dimple depth increases the turbulence level downstream the 

dimples increases. 

 
δ/D= 0.23 δ/D= 0.24 

 
δ/D= 0.25 δ/D= 0.26 

 
Fig. 7:  Surface Temperature contours of the bottom 

dimpled wall 

Fig. 7 shows surface temperature contours on the 

bottom dimpled wall. The direction of flow is from right to 

left hand side. It shows that there is an increase in 

temperature from inlet to outlet. This is due to the gradual 

increase in fluid temperature flowing along the heated 

middle section. It can be observed that lowest surface 

temperatures are present near the downstream edges of 

dimples. This is because here, the vortex created by the 

dimples augments mixing and advects the cooler fluid from 

the central part of the channel towards the wall. It can also 

be observed that as the dimple depth is increased, the 

intensity of vortex and hence the mixing is high and 

therefore the temperatures at the downstream edges becomes 

least in deeper dimples. 

Nusselt number is a dimensionless number. It is the 

ratio of convective heat transfer to conductive heat transfer. 

It is given as, 

   
hD 

 
 

where, h is Convective heat transfer co-efficient 

(W/m
2
K),       Dh is Hydraulic diameter (m) & k= Thermal 

conductivity (W/m-K). 

It is used as a measure of heat transfer in a system. 

As the heat transfer increases Nusselt number also increases.  

Nusselt number(Nu0) over a smooth circular 

channel is given by Dittus-Boelter equation as in equation 

mentioned above. In this study area averaged Nu number 

ratios which are normalized using smooth channel Nu 

numbers (Nu/Nu0) are compared to study the heat transfer. 

The area averaged Nu numbers are calculated by averaging 

local Nu numbers over all heated surfaces on the middle 

dimpled section. The plot of (Nu/Nu0) v/s Re is shown in 

Fig 8. 

 
Fig 8: (Nu/Nu0) v/s Re plot 
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From the plot we can observe that at lower 

Reynolds number (i.e. lesser than 22500) the Nu number 

ratio varies non-uniformly, whereas at higher Reynolds 

number the Nu number increases as the dimple depth is 

increased.  

For the dimple depth to diameter ratio δ/D =0.25, 

the Nusselt number is high at all Reynolds numbers 

compared to other dimple depths. It is shown in Fig 9. 

(Nu/Nu0)avg is the average of Nu/Nu0 ratio of all Reynolds 

number for a particular dimple depth.  

 
Fig. 9: (Nu/Nu0)avg v/s (δ/D) plot 

IV. CONCLUSION 

In the present work, the effect of dimples on heat transfer is 

studied for Reynolds number ranging from 7500 to 27500 at 

four different dimple depths. CFD simulation is carried out 

in FINE/OPEN software for the suitable boundary 

conditions and the results are extracted and are given in the 

previous chapter. The following conclusions maybe drawn 

from the study: 

 By the use of dimples instead of flat surface the heat 

transfer can be enhanced. 

 Dimples create recirculation flows which advect 

hotter fluids from the central part to the wall regions. 

 Dimples also act to pump fluid to and away from the 

surface, which helps to augment transport of different 

sized packets of fluid (with different temperatures) to 

and away from the surface which augments the heat 

transfer. 

 There is high turbulent kinetic energy near the 

downstream edges of the dimples indicating that 

turbulent mixing is more at that location and hence 

the surface temperature is lowest there compared to 

other regions. This is due to the strong ejection flow 

near the downstream edge. 

 From the Nusselt number plot it can be concluded 

that at higher Reynolds number the Nu number 

increases as the dimple depth is increased. However, 

for Reynolds number lesser than 20000, Nu number 

varies non-uniformly for different dimple depths. 

The case with dimple depth to diameter ratio, δ/D 

=0.25 gives the best results when compared with other cases 

at all Reynolds number. 
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